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Aim: In this manuscript, we report data on the association between executive functions
screened by Frontal Assessment Battery, Five Digit Test and Digit Span with self-reported
depressive symptoms and sleep complaints in non-demented older adults.
Methods: A total sample of 95 non-demented older adults performed Geriatric
Depression Scale short version, Frontal Assessment Battery, Five Digit Test, Digit Span,
and clinical interview. We split participants in groups stratified by age according to:
young-old (60–69 years of age), old-old (70–79 years), and oldest-old (>80 years) and
compared these three groups on the sociodemographic characteristics and executive
functions performance. We carried out Poisson regression with robust error variance
to verify sleep complaints and depression effects on executive functions performance.
Gender, age, years of formal education, use of antidepressants and of benzodiazepines
were considered as confounding variables, taking into account executive functions as
dependent and sleep complaints and depression as independent variables.
Results: Controlling the effect of age, gender, years of formal education, use of
benzodiazepines and of antidepressants there was a significant influence of depression
in motor programming, inhibitory control, and working memory. Individuals without
depression show motor programming scores 68.4% higher, inhibitory control scores 3
times greater and working memory scores also 3 times greater than individuals without
depression. There was a significant influence of sleep complaints in phonemic fluency,
motor programming, inhibitory control, and working memory. Individuals without sleep
complaints show phonemic fluency scores 2 times greater than, motor programming
scores 85.9% higher, inhibitory control scores 3 times greater and working memory
scores also 3 times greater than individuals without sleep complaints.
Conclusions: Sleep complaints are associated with phonemic fluency, motor
programming, inhibitory control, and working memory impairment. Depression
symptoms presence are associated with motor programming and working memory
performances. Depression and sleep complaints interaction would determine worse
phonemic fluency, inhibitory control and working memory cognitive performance than
these two conditions alone.
Keywords: sleep, executive function, depression, geriatrics, mild cognitive impairment, older adults,
neuropsychological tests
Almondes et al. Sleep, Depression, and Executive Function in Elderly
INTRODUCTION
Across the lifespan, sleep complaints are often comorbid with
psychiatric disorders and are common in depression. Sleep
has been studied extensively in this psychiatric disorder and
were found objective, robust and relatively specific changes in
sleep architecture related to neurobiology of depression (Benca
and Peterson, 2008). On the present study, we provide a solid
background for the importance of taking into account the
interaction between cognition, sleep disorders, and depression
among older adults.
During a depressive episode, cortical metabolic activity is
increased in frontal areas, what impact sleep and cause subjective
complaints of non-restorative sleep. In depressed patients, there
is an imbalance of interaction between cholinergic and adrenergic
mechanisms that promote abnormalities in sleep architecture
(non-REM and REM). There are changes in non-REM sleep
that result in excessive daytime sleepiness. Moreover, depressed
patients exhibit cortisol and temperature desynchronization on
advanced sleep phase (the expression of these rhythms appears
earlier than expected) and on the sleep-wake cycle (Cajochen
et al., 2001).
Processing speed (Bastien et al., 2003), executive functions
such as switching, working memory, problem solving and
inhibitory control (Nebes et al., 2009) and memory (Haimov
et al., 2008), are associated with self-reported sleep complaints.
Moreover, sleep disorders as self-reported change in sleep
increases the risk of cognitive decline (Hahn et al., 2014).
Depression also increases susceptibility to cognitive decline
and neurodegenerative dementia (Diniz et al., 2013), impact
activities of daily living and patient quality of life, and rising
health care costs. Among cognitive impairment associated with
depression, executive function is the most prominent (Snyder,
2013), but deficits in processing speed (Jungwirth et al., 2011),
spatial processing (Elderkin-Thompson et al., 2004), and verbal
episodic memory (Nebes et al., 2000) are also found. They
mediate decline in more complex functions such as attention,
planning and problem solving. There is evidence of a close
relationship between sleep loss, depression and cognition with
effect sizes in “moderate range” (Lim and Dinges, 2010).
The aim of this study was to investigate the association
between executive functions screened by Frontal Assessment
Battery, Five Digit Test and Digit Span with comorbid self-
reported depressive symptoms and sleep complaints in non-
demented older adults. Overall, we hypothesized that sleep
complaints and depression should be associated with executive
functions impairment and that depression and sleep complaints
interaction would determine a worse cognitive performance than
these two conditions alone.
MATERIALS AND METHODS
Participants
We included a convenience sample of 95 older adults that
were consecutively assessed at geriatric outpatient clinic at
Belo Horizonte, Brazil between February 2011 and December
2015. These participants were visiting the clinic as a center
of specialized geriatric treatments referred by other smaller
primary care centers. The inclusion criteria were: age of 60
years or older. We excluded individuals that satisfied DSM-
V and consensus criteria for dementia as NINCDS-ADRDA;
individuals with major psychiatric comorbidities (e.g., bipolar
disorder, schizophrenia, substance abuse); sensory disabilities
that interfere with cognitive evaluation; neurodegenerative
diseases of the central nervous system diagnosis (e.g., Parkinson’s
disease); clinical or historical evidence of transient ischemic
attack or stroke or clinical instability. In the end, we have had
a total of 175 participants. Of these 57 were excluded due to
meet criteria for dementia due to Alzheimer’s disease and 23
for dementia due to other etiologies such as frontotemporal
and vascular dementia. Participants were instructed to perform
tasks with the dominant hand. This study was approved by the
local Ethics Committee (Belo Horizonte, MG) and all subjects
agreed and signed the informed consent in accordance with the
Declaration of Helsinki.
Neuropsychological Assessment
Neuropsychological assessments occurred between 08:00 a.m.
and 05:00 p.m., then the time of day was not in a similar
range for all the participants. There are evidence that cognitive
performance may varies during the course of the day and
reflect the level of alertness, which is determined by circadian
rhythms (Schmidt et al., 2007). It is discussed that these findings
can be attributed to underlying circadian and homeostatic
factors. Different aspects of attention follow different time-of-day
variations (Kraemer et al., 2000) and this bias was not controlled
on the present study.
Diagnosis involved a clinical interview and a
neuropsychological evaluation with a protocol previously
validated for this population (de Paula et al., 2013a) composed
by the following instruments: Mini Mental State Examination
(MMSE) Brazilian version as a measure of general cognition;
Clock Drawing Test as a measure of spatial processing, praxia,
and executive functions; The Digit Span Task adapted from
Wechsler Adult Intelligence Scale to assess short term memory;
Corsi Blocks a measure of spatial short term memory; Semantic
Verbal Fluency that measures the fluency component of the
executive functions. Finally, Token Test-Short Version was used
to assess language comprehension. Functional status was also
assessed in the clinical interview using the caregivers’ reports.
Based on this evaluation, non-demented participants were
invited for participation.
The MMSE were performed as a measure of general cognitive
functioning and Activities of Daily Living (ADLs) inventory
as a measure of functional status. Frontal Assessment Battery
(FAB) Brazilian version was used to access executive functions. It
presents a good validity for this population (de Paula et al., 2013b)
and consists of six subtests which measures: Categorization,
verbal fluency, motor programming, sensitivity to interference,
inhibitory control, and environmental autonomy.
Depressive Symptoms Assessment
All the participants performed the short version (15-items) of
the Geriatric Depression Scale (GDS-15) and we considered
Frontiers in Psychology | www.frontiersin.org 2 October 2016 | Volume 7 | Article 1547
Almondes et al. Sleep, Depression, and Executive Function in Elderly
the cutoff 6 (non-case/case) to classify presence/absence of
significant depressive symptoms. To minimize low education
bias, the scale was applied orally and the questions were repeated
if requested by the participant. Depressive symptoms assessment
was conducted on the same date of neuropsychological
assessment and participant were required to answer according to
how he felt in “last few weeks.”
Sleep and Pharmacological Assessment
Sleep complaints was evaluated qualitatively through of a clinical
interview with self report of participants. It was required to
participants if they had noticed sleep-related problems in recent
months or weeks to date. The response was evaluated in “yes/no”
and they also describe the sleep problems.
The use of drugs, including benzodiazepines, was assessed
by patients’ medical records. Pharmacological treatments were
evaluated during the anamnesis. Patients and caregivers reported
which drugs were used at that time, and based on these data the
drugs were classified as antidepressants or benzodiazepines. In
the database the names of the drugs were specified, the number
of medications in use and dichotomous variables were created for
use of hypnotics and antidepressants.
Statistical Procedures
Once our data distribution was predominantly non-parametric,
the statistical procedures were performed by non-parametric
tests. Sociodemographic description and neuropsychological
tests were performed through Mann–Whitney U-test for
continuous variables and by Chi-Square for dummies variables.
We split participants in groups stratified by age according
to: young-old (60–69 years of age), old-old (70–79 years), and
oldest-old (>80 years) and we compared these three groups
on the sociodemographic characteristics and executive functions
performance through Kruskal–Wallis Test.
We carried out Poisson regression with robust error variance
(McCullagh and Nelder, 1983) to verify depression and sleep
complaints effects on executive functions performance. Gender,
age, years of formal education use of antidepressants and
of benzodiazepines were considered as confounding variables,
taking into account executive functions as dependent and
depression and sleep complaints, as independent variables. These
statistical procedures were performed using SPSS 21.0. and
statistical significance was established at 0.05.
RESULTS
The demographic description and neuropsychological tests
performance are shown in Table 1 for Chi-square analysis and in
Table 2 for Mann–Whitney. A total of 95 non-demented older
adults $(60–91 years (M = 74, SD = 7), predominantly low
formal education (M = 5, SD = 4) were enrolled in this study.
In this sample, 36% were depressed, 48% with sleep complaints,
14% in use of benzodiazepines, and 23% of antidepressants
including 15 participants in use of selective serotonin reuptake
inhibitors (SSRI) and 7 in use of tricyclic antidepressant (TCA)
(Table 1). No significant differences between age (U = 1128.00,
p = 0.407), education (U = 1069.00, p = 0.273) or proportion
of men and women (χ2 = 0.024, p = 0.524) were found
between patients with and without sleep complaints. There
is no difference between performance on Mini Mental State
Examination between two conditions (U = 594.00, p = 0.756),
daily function activities (χ2 = 0.437, p = 0.358), FAB total score
(U = 1177.00, p = 0.623), or use of benzodiazepines (χ2 =
2.248, p= 0.113). Differences in presence of significant depressive
symptoms classified through GDS-15 cutoff between groups with
and without sleep complaints are found (χ2 = 16.429, p <
0.001) with more patients with depression in the group with sleep
complaints.
In Tables 3, 4 we could see descriptive statistics between age
groups for socio-demographic variables and results of group
comparisons between executive functions performance among
non-demented elderly stratified by age. There are significant
differences on categorization between young-old (60–69 years
of age) and oldest-old (>80 years) (χ2 = 18.479, p = 0.046).
Phonemic verbal fluency performance is significantly different
between young-old (60–69 years of age) and old-old (70–
79 years) (χ2 = 17.280, p = 0.019). In relation to motor
programming there are differences between young-old (60–69
years of age) and old-old (70–79 years) (χ2 = 19.000, p = 0.031)
and between young-old (60–69 years of age) and oldest-old (>80
years) (χ2 = 24.750, p = 0.003). Otherwise, performance on
inhibitory control is only significantly different between old-old
(70–79 years) and oldest-old (>80 years) (χ2 = 19.910, p =
0.006). For FAB total score, performance is significantly different
between young-old (60–69 years of age) and old-old (70–79
years) (χ2 = 17.557, p = 0.032) and young-old (60–69 years of
age) and oldest-old (>80 years) (χ2 = 32.250, p> 0.001).
In Table 5 we present the Poisson regression to verify
depression and sleep complaints effects on executive functions
performance. Controlling the effect of age, gender, years of
formal education, use of benzodiazepines and of antidepressants
sleep complaints are associated with cognitive impairment on
phonemic fluency, motor programming, inhibitory control and
working memory. Individuals without sleep complaints have
FABmotor programming scores 85.9% higher, phonemic fluency
scores twice as high as, inhibitory control scores three times as
high as and Digit Span Backward scores three times as high as
individuals with sleep complaints.
Depression complaints is associated withmotor programming
and working memory impairment. Individuals without
depression symptoms have FAB motor programming 68.4%
higher and Digit Span Backward scores three times as high as
individuals with depression symptoms.
Individuals without use of benzodiazepines presents
sensitivity to interference scores six times as high as individuals
in use of benzodiazepines. However, the use is associated with
an increase of 19.2% on phonemic fluency scores. Individuals in
use of antidepressants have motor programming scores 39.2%
higher than individuals with no use of antidepressants.
Interaction between sleep and depression complaints is
associated with phonemic fluency, inhibitory control and
working memory impairment. Those which showed these
two types of symptoms presents FAB fluency subtest scores
56.6%, FAB inhibitory control subtest scores 75% and Digit
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TABLE 1 | Results of Chi-square Tests on gender, use of benzodiazepines and use of antidepressants proportion for participants with and without sleep
complaints.
Total sample (%) Sleep complaints (%) With no sleep complaints (%) Groups comparison between participants with
sleep complaints and without sleep complaints
X2 p
Gendera 62 73 77 0.332 0.564
Benzodiazepinesb 12 20 10 2.248 0.134
Antidepressantsc 22 32 15 3.644 0.056
Depression 31 57 17 16.266 <0.001
aProportion of women.
bProportion of use.
cProportion of use.
TABLE 2 | Group comparisons between participants with sleep complaints and without sleep complaints.
Total sample Sleep complaints Without sleep complaints Groups comparisons
M SD Range M SD Range M SD Range MW-U Z p
Age 74.46 7.355 58–91 73.80 7.654 58–90 75.08 6.990 62–91 1128 −0.829 0.407
Education 5.68 4.865 0–22 5.21 4.964 0–22 6.12 4.853 0–21 1069 −1.096 0.273
MMSE 25.67 3.078 15–30 25.08 4.041 15–30 25.87 2.419 21–30 594 −0.311 0.756
FAB 12.23 3.281 4–18 12.14 3.380 4–18 12.48 3.245 6–18 1177 −0.492 0.623
ADL 3.63 4.834 0–23 3.86 4.740 0–18 2.91 4.568 0–23 542 −1.201 0.23
Values are frequencies orMean±Standard Deviation (SD); FAB, Frontal Assessment Battery; MMSE,Mini-Mental State Examination; ADL, Activities of Daily Living; MW-U,Mann–Whitney
U-Test; Z, difference between standard scores; p, significance level.
TABLE 3 | Descriptive statistics between age groups for socio-demographic variables.
Total sample Age groups
Age ranges 60–91 Young–old Old–old Oldest–old
60–69 70–79 >80
N 95 24 47 24
Age 74.49 ± 7.29 65.54 ± 2.637 74.62 ± 2.75 83.88 ± 3.180
SEX
Men 29 5 16 8
Woman 66 19 31 16
EDUCATION
Years of formal education 5.71 ± 4.89 7.142 ± 5.174 5.78 ± 5.133 4.08 ± 3.538
Illiteracy 7 2 3 2
Primary school 65 14 34 20
Secondary or Higher 23 8 10 2
Pfeffer scale 3.400 ± 4.648 4.230 ± 4.206 2.760 ± 3.940 4.050 ± 6.013
MMSE 25.591 ± 3.083 27 ± 2.221 25.588 ± 2.664 25.000 ± 3.293
Values are frequencies or Mean ± Standard Deviation (SD); MMSE, Mini Mental State Examination.
Span Backward scores 70.1% lower than individuals with no
complaints.
Sociodemographic variables are also associated with
executive functions performances. At each year added on
age, FAB conceptualization scores decreases 1.9%, sensitivity
to interference scores decreases 2.2%, inhibitory control scores
decreases 3.6%, FAB total scores decreases 1.5% and errors
on Five Digit Test cognitive flexibility task increases 3.5%. At
each year added on formal education, FAB conceptualization
scores increases 5.3%, phonemic verbal fluency scores increases
3.2%, motor programing scores increases 2.1%, FAB total scores
increases 1.6% and Digit Span Backward scores increases 6.1%.
Female individuals have FAB total scores 1.7% higher than the
males (Table 5).
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TABLE 4 | Results of group comparisons between executive functions performance among non-demented elderly stratified by age.
Total sample Age groups Group comparisons
1—Young-Old 2—Old-Old 3—Oldest-Old X2 p Differences between
age groups
Age ranges 60–91 60–69 70–79 >80
FAB (total score) 12.32 ± 3.294 14.33 ± 2.353 12.34 ± 3.171 10.54 ± 3.148 17.557 0.032 2 > 3
32.250 <0.001 1 > 3
FAB—categorization 1.505 ± 1.071 1.958 ± 0.908 1.456 ± 1.110 1.208 ± 1.021 18.479 0.046 1 > 3
FAB—fonemic fluency 2.147 ± 0.989 2.625 ± 0.711 1.978 ± 1.022 2.083 ± 0.974 17.280 0.019 1 > 2
FAB—motor programming 1.726 ± 0.950 2.042 ± 0.806 1.782 ± 0.987 1.333 ± 0.917 19.000 0.031 1 > 2
24.750 0.003 1 > 3
FAB—sensitivity to interference 2.357 ± 1.051 2.708 ± 0.751 2.326 ± 1.097 2.083 ± 1.176 2.988 0.131 –
FAB—inhibitory control 1.589 ± 1.180 2.000 ± 1.142 1.782 ± 1.153 0.875 ± 0.947 19.910 0.006 2 > 3
Five digit test inhibitory control 3.730 ± 5.535 2.940 ± 5.048 3.360 ± 5.709 5.110 ± 5.516 7.232 0.027 1 > 3
Five digit test cognitive flexibility 8.980 ± 8.611 7.330 ± 7.191 7.670 ± 7.680 12.860 ± 10.101 8.184 0.017 1 > 3
2 > 3
Digit span backward 11.480 ± 9.573 13.920 ± 13.061 10.960 ± 8.565 10.570 ± 7.675 0.735 0.692 –
Values are frequencies or Mean ± Standard Deviation (SD); FAB, Frontal Assessment Battery.
DISCUSSION
Sleep complaints are associated with phonemic fluency, motor
programming, inhibitory control, and working memory
impairment. Depression symptoms presence are also associated
with motor programming and working memory performances.
Depression and sleep complaints interaction would determine
phonemic fluency, inhibitory control, and working memory
worse cognitive performances than these two conditions alone.
We found that depression is associated with less efficiency on
motor programming. According to previous studies left dorsal
prefrontal cortex and the right anterior cingulate cortex are
more involved when subjects paid attention to the performance
of a sequence of movements in comparison to automatic
performance of this same task (Jueptner et al., 1997). Automatic
aspects of motor performance are associated with subcortical
structures, but sequential actions tasks with prefrontal networks
(Fuster, 2001). It suggests that preparation of motor responses
and learning of sequences of movements differs from an
automatic condition and demands more from areas associated
with executive function, which could be the same regions
involved in depression. Studies of motor performance in
depression corroborates these findings showing that cognitive
difficulties increased with complexity of the tasks (Sabbe et al.,
1996) and could be affected by pharmacological treatment (Mergl
et al., 2007).
Long-term use of hypnotics may cause poor sleep quality
(Vignola et al., 2000). It is also known that the use of
benzodiazepines by older adults leads to cognitive decline (Glass
et al., 2005). On the present study the use of benzodiazepines
is associated with sensitivity to interference impairment. This
is a component of executive functions related to selective
attention measured by a task of conflicting instructions. Previous
studies have also found association between attention and
use of benzodiazepines (Barker et al., 2004) that could be
due to inductive sedation effect (Chennu and Bekinschtein,
2012). Individuals in use of benzodiazepines showed phonemic
fluency scores higher than individuals that are not in use of
benzodiazepines. Considering that individuals without sleep
complaints present phonemic fluency scores twice as high as
those with sleep complaints, this may reflect the differences
between those treated and untreated sleep disorders individuals.
Those individuals treated probably have an improvement on
fluency performance in comparison to untreated. Individuals
in use of antidepressants also show motor programming scores
higher than individuals with no use of antidepressants. Probably,
this may reflect the differences between those treated and
untreated individuals.
Deficits in verbal fluency are common finding after sleep
loss, with reports of fewer words, and perseveration of incorrect
responses, on tasks of verbal fluency (Harrison and Horne, 1998).
These findings were not replicated in the study of (Tucker
et al., 2010), but results have suggested an association between
subjective sleep complaints and decline in phonemic fluency
performance. Recently, McGregor and Alper (2015) showed that
adults with sleep disorders were at a higher risk for language
problems than healthy sleepers. The language problems typically
co-occurred with problems of attention and executive function.
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The phonemic fluency is considered a complex task related
to cognitive flexibility, sustained attention, inhibitory control,
and semantic memory (Shao et al., 2014). All these processes for
which sleep complaints determined lower scores are cognitive
abilities controlled and can be considered executive functions,
especially working memory and inhibitory control. Controlled
processes as attention and working memory are linked to the
functioning of frontal lobes (Alhola and Polo-Kantola, 2007).
Whereas, the frontal areas are vulnerable to sleep disorders
(Harrison et al., 2000), this can be associated with impairment
in inhibitory control, working memory, and verbal fluency in
individuals with sleep complaints. Another related issue is the
developmental process of the executive functions. The functional
apex of executive functions is reached during adulthood and from
this point is expected to decline (Goh et al., 2013). The course of
development these abilities are therefore associated with a curve
in the inverted U shape, so such impairments are expected on
older adults.
This sample was composed by low formal education
older adults due to the characteristics of the origin country.
Educational level is associated with cognitive decline (Ardila
et al., 2000) and is considered a main factor throughout cognitive
aging. Performance on FAB is influenced by formal education
(Beato et al., 2012; de Paula et al., 2013a) age. In our sample
formal education is associated with motor programming, FAB
total scores increases, working memory, categorization, and
phonemic verbal fluency. In young old percentile for illiterates
is significantly different from university graduates (de Paula
et al., 2013a). The scale validation study for this population
(Beato et al., 2012) suggest four formal education tracks, with
50th percentile varying significantly according to the formal
educational level.
The differences between age groups in performance on the
FAB subtests are in agreement with previous studies which
indicate a decline in executive functions over the years (Salthouse
et al., 2003) even on healthy aging. Previous studies also found
no age-related deficits specific to selective attention or task-
switching location (Verhaeghen and Cerella, 2002). At each
year added on age, conceptualization task scores decreases
1.9%, sensitivity to interference scores decreases 2.2%, inhibitory
control scores decreases 3.6%, FAB total scores decreases 1.5%,
and cognitive flexibility task errors increases 3.5%.
Finally, the study should be viewed in the light of
these limitations: The pharmacological treatments as with
antidepressants have not been completely controlled;
convenience sample with inherent problems of selection.
Outpatient clinic samples tend to present higher prevalence
of cardiovascular diseases and other conditions increased by
aging compared to the general population. Some confounders
like these vascular risk factors or diseases were not controlled.
The sleep evaluation of was not performed by a sleep specialist
and the sleep quality evaluation depends on self report. It
is known that depressed patients tend to overestimate or
underestimate their sleep problems in self reports; The use of
FAB to evaluate executive functions is also limited due to being
a screening test and because items are evaluated on a scale
between 0 and 3 points, which reduces the variation range.
Additionally, Outpatient clinic samples tend to present higher
prevalence of cardiovascular diseases and other conditions
increased by aging compared to the general population. Some
confounders like these vascular risk factors or diseases were not
controlled.
Our findings suggest that depression and sleep are associated
with impairment on executive functions in non-demented older
adults, and that use of benzodiazepines and educational level are
important variables. These data are important because executive
functions are predictors of dementia in older adults.
AUTHOR CONTRIBUTIONS
All authors contributed and participated in the preparation of the
article and all research steps: KMA contributed to the study on
conception and design, on the statistical analysis, interpretation
of data, wrote this article and approved the final version of
the manuscript; MC contributed with acquisition of data, on
supervising the geriatric assessment of the participants, on the
statistical analysis, manuscript writing, and approved the final
version of the manuscript; LM helped to design the study, on
supervising the geriatric assessment of the participants, reviewed
the statistical analysis and the manuscript and approved the
final version of the manuscript; BD contributed to the study on
conception and design, reviewed the statistical analysis and the
manuscript, and approved the final version of the manuscript.
FUNDING
The present study was supported by Grants: CNPq 484609/2012-
2 and CNPq 471614/2014-9 (KMA); CBB-APQ-00075-09, APQ-
01972/12-10, APQ-02755-10, APQ-04706-10 from FAPEMIG,
and 573646/2008-2 from CNPq (LM); CNPq 472138/2013-8 and
CNPq 466623/2014-3 (BD).
ACKNOWLEDGMENTS
The authors most warmly thank the study participants, Jenny
de Andrade Faria and Laboratory of Clinical Neuroscience
Investigations researchers involved in planning or carrying out
the study.
REFERENCES
Alhola, P., and Polo-Kantola, P. (2007). Sleep deprivation: impact on cognitive
performance. Neuropsychiatr. Dis. Treat. 3, 553.
Ardila, A., Ostrosky-Solis, F., Rosselli, M., and Gómez, C. (2000). Age-related
cognitive decline during normal aging: the complex effect of education. Arch.
Clin. Neuropsychol. 15, 495–513. doi: 10.1016/S0887-6177(99)00040-2
Barker, M. J., Greenwood, K. M., Jackson, M., and Crowe, S. F. (2004). Persistence
of cognitive effects after withdrawal from long-term benzodiazepine use: a
meta-analysis. Arch. Clin. Neuropsychol. 19, 437–454. doi: 10.1016/S0887-
6177(03)00096-9
Bastien, C. H., Fortier-Brochu, É., Rioux, I., LeBlanc, M., Daley, M., and
Morin, C. M. (2003). Cognitive performance and sleep quality in the elderly
suffering from chronic insomnia: relationship between objective and subjective
Frontiers in Psychology | www.frontiersin.org 7 October 2016 | Volume 7 | Article 1547
Almondes et al. Sleep, Depression, and Executive Function in Elderly
measures. J. Psychosom. Res. 54, 39–49. doi: 10.1016/S0022-3999(02)0
0544-5
Beato, R., Amaral-Carvalho, V., Guimarγes, H. C., Tumas, V., Souza, C. P.,
Oliveira, G. N. D., et al. (2012). Frontal assessment battery in a Brazilian sample
of healthy controls: normative data. Arq. Neuropsiquiatr. 70, 278–280. doi:
10.1590/S0004-282X2012005000009
Benca, R. M., and Peterson, M. J. (2008). Insomnia and depression. Sleep Med. 9,
S3–S9. doi: 10.1016/S1389-9457(08)70010-8
Cajochen, C., Knoblauch, V., Kräuchi, K., Renz, C., and Wirz-Justice, A. (2001).
Dynamics of frontal EEG activity, sleepiness and body temperature under high
and low sleep pressure. Neuroreport 12, 2277–2281. doi: 10.1097/00001756-
200107200-00046
Chennu, S., and Bekinschtein, T. A. (2012). Arousal modulates auditory attention
and awareness: insights from sleep, sedation, and disorders of consciousness.
Front. Psychol. 5:65. doi: 10.3389/fpsyg.2012.00065
de Paula, J. J., Bertola, L., Ávila, R. T., Moreira, L., Coutinho, G., de Moraes, E.
N., et al. (2013a). Clinical applicability and cutoff values for an unstructured
neuropsychological assessment protocol for older adults with low formal
education. PLoS ONE 8:e73167. doi: 10.1371/journal.pone.0073167
de Paula, J. J., Moura, S. M., Bocardi, M. B., Moraes, E. N., Malloy-Diniz,
L. F., and Haase, V. G. (2013b). Screening for executive dysfunction
with the Frontal Assessment Battery: psychometric properties analysis and
representative normative data for Brazilian older adults. Psicol. Pes. 7, 89–98.
doi: 10.5327/Z1982-1247201300010010
Diniz, B. S., Butters, M. A., Albert, S. M., Dew, M. A., and Reynolds, C. F. (2013).
Late-life depression and risk of vascular dementia and Alzheimer’s disease:
systematic review and meta-analysis of community-based cohort studies. Br.
J. Psychiatry 202, 329–335. doi: 10.1192/bjp.bp.112.118307
Elderkin-Thompson, V., Kumar, A., Mintz, J., Boone, K., Bahng, E., and Lavretsky,
H. (2004). Executive dysfunction and visuospatial ability among depressed
elders in a community setting. Arch. Clin. Neuropsychol. 19, 597–611. doi:
10.1016/j.acn.2003.08.009
Fuster, J. M. (2001). The prefrontal cortex—an update: time is of the essence.
Neuron 30, 319–333. doi: 10.1016/S0896-6273(01)00285-9
Glass, J., Lanctôt, K. L., Herrmann, N., Sproule, B. A., and Busto, U.
E. (2005). Sedative hypnotics in older people with insomnia: meta-
analysis of risks and benefits. BMJ 331:1169. doi: 10.1136/bmj.38623.
768588.47
Goh, J. O., Beason-Held, L. L., An, Y., Kraut, M. A., and Resnick, S. M. (2013).
Frontal function and executive processing in older adults: process and region
specific age-related longitudinal functional changes.Neuroimage 69, 43–50. doi:
10.1016/j.neuroimage.2012.12.026
Hahn, E. A., Wang, H. X., Andel, R., and Fratiglioni, L. (2014). A change in
sleep pattern may predict Alzheimer disease. Am. J. Geriatr. Psychiatry 22,
1262–1271. doi: 10.1016/j.jagp.2013.04.015
Haimov, I., Hanuka, E., and Horowitz, Y. (2008). Chronic insomnia and
cognitive functioning among older adults. Behav. Sleep Med. 6, 32–54. doi:
10.1080/15402000701796080
Harrison, Y., and Horne, J. (1998). Sleep loss impairs short and novel language
tasks having a prefrontal focus. J. Sleep Res. 7, 95–100. doi: 10.1046/j.1365-
2869.1998.00104.x
Harrison, Y., Horne, J. A., and Rothwell, A. (2000). Prefrontal neuropsychological
effects of sleep deprivation in young adults–a model for healthy aging? Sleep 23,
1067–1073.
Jueptner, M., Stephan, K. M., Frith, C. D., Brooks, D. J., Frackowiak, R. S. J., and
Passingham, R. E. (1997). Anatomy of motor learning. I. Frontal cortex and
attention to action. J. Neurophysiol. 77, 1313–1324.
Jungwirth, S., Zehetmayer, S., Hinterberger, M., Kudrnovsky-Moser, S.,
Weissgram, S., Tragl, K. H., et al. (2011). The influence of depression on
processing speed and executive function in nondemented subjects aged 75. J.
Int. Neuropsychol. Soc. 17, 822–831. doi: 10.1017/S135561771100083X
Kraemer, S., Danker-Hopfe, H., Dorn, H., Schmidt, A., Ehlert, I., and Herrmann,
W. M. (2000). Time-of-day variations of indicators of attention: performance,
physiologic parameters, and self-assessment of sleepiness. Biol. Psychiatry. 48,
1069–1080. doi: 10.1016/S0006-3223(00)00908-2
Lim, J., and Dinges, D. F. (2010). A meta-analysis of the impact of short-
term sleep deprivation on cognitive variables. Psychol. Bull. 136, 375. doi:
10.1037/a0018883
McCullagh, P., and Nelder, J. A. (1983).Generalized Linear Models. New York, NY;
London: Chapman and Hall.
McGregor, K. K., and Alper, R. M. (2015). Sleep disorders as a risk to language
learning and use. EBP Briefs 10, 1–21.
Mergl, R., Pogarell, O., Juckel, G., Rihl, J., Henkel, V., Frodl, T., et al. (2007). Hand-
motor dysfunction in depression: characteristics and pharmacological effects.
Clin. EEG Neurosci. 38, 82–88. doi: 10.1177/155005940703800210
Nebes, R. D., Butters, M. A., Mulsant, B. H., Pollock, B. G., Zmuda, M. D., Houck,
P. R., et al. (2000). Decreased working memory and processing speed mediate
cognitive impairment in geriatric depression. Psychol. Med. 30, 679–691. doi:
10.1017/S0033291799001968
Nebes, R. D., Buysse, D. J., Halligan, E. M., Houck, P. R., and Monk, T. H.
(2009). Self-reported sleep quality predicts poor cognitive performance in
healthy older adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 64, 180–187. doi:
10.1093/geronb/gbn037
Sabbe, B., Hulstijn, W., Van Hoof, J., and Zitman, F. (1996). Fine motor
retardation and depression. J. Psychiatr. Res. 30, 295–306. doi: 10.1016/0022-
3956(96)00014-3
Salthouse, T. A., Atkinson, T. M., and Berish, D. E. (2003). Executive functioning
as a potential mediator of age-related cognitive decline in normal adults. J. Exp.
Psychol. Gen. 132:566. doi: 10.1037/0096-3445.132.4.566
Schmidt, C., Collette, F., Cajochen, C., and Peigneux, P. (2007). A time to think:
circadian rhythms in human cognition. Cogn. Neuropsychol. 24, 755–789. doi:
10.1080/02643290701754158
Shao, Z., Janse, E., Visser, K., and Meyer, A. S. (2014). What do verbal fluency
tasks measure? Predictors of verbal fluency performance in older adults. Front.
Psychol. 5:772. doi: 10.3389/fpsyg.2014.00772
Snyder, H. R. (2013). Major depressive disorder is associated with broad
impairments on neuropsychological measures of executive function: a meta-
analysis and review. Psychol. Bull. 139, 81–132. doi: 10.1037/a0028727
Tucker, A. M., Whitney, P., Belenky, G., Hinson, J. M., and Van Dongen, H. P.
(2010). Effects of sleep deprivation on dissociated components of executive
functioning. Sleep 33, 47–57.
Verhaeghen, P., and Cerella, J. (2002). Aging, executive control, and attention:
a review of meta-analyses. Neurosci. Biobehav. Rev. 26, 849–857. doi:
10.1016/S0149-7634(02)00071-4
Vignola, A., Lamoureux, C., Bastien, C. H., and Morin, C. M. (2000). Effects of
chronic insomnia and use of benzodiazepines on daytime performance in older
adults. J. Gerontol. B Psychol. Sci. Soc. Sci. 55, P54–P62.
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Almondes, Costa, Malloy-Diniz and Diniz. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 8 October 2016 | Volume 7 | Article 1547
